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XVII.  The Secondary 7 Rays due to the 7 Rays of Radium C. 
By A.  S.  EVE ,  I).Sc., Associate .Professor of Mathematics, 
Lecturer in Radioactivity, McGill University, Montreal * 
T HE RSntgen rays and the ~/rays from radioactive sub- stances have so many properties in common that they 
are generally believed to be fundamentally of the same nature. 
But the secondary radiations caused by X rays and by 7 rays, 
respectively, appear at first to be widely different. Whilst 
the ~/rays give rise to secondary radiations following the 
order of the densities of the radiators, the X rays cause 
secondary radiations strongly diverging from that order. 
Thus Townsend t found actually more secondary radiation from 
solid paraffin than from lead. The values he obtained were : -  
TABLE I. 
X Rays, Secondary Radiation. 
of 
Rays through "25 ram. 
Radiator. Rays through Air. of Aluminium. 
_~kir . . . . . . . . . . . . . . . . . . . . .  
Aluminium ............ 
Glass .................. 
Lead .. . . . . . . . . . . . . . . . .  
Solid Paraffin ......... 
Brass .................. 
Zinc ..................... 
Copper .................. 
2 
6"0 
7"5 
24 
30 
66 
68 
7O 
1 
3"5 
3"0 
6"0 
15"5 
2"5 
3'0 
2"5 
Let us compare the secondary radiations from the 7 rays 
radium inclosed in lead. 
TABLE II. 
~/Rays, Secondary Radiation $. 
Radiator. 
Lead . . . . . . . . . . . . . . . . . . . . . . . .  
Copper . . . . . . . . . . . . . . . . . . .  
Brass ....................... 
Aluminium .. . . . . . . . . . . . . . . .  
Glass ......................... 
Solid Paraffin ............... 
100 
61 
59 
30 
35 
20 
Communicated by the Author. 
t Proc. Camb. Phi l .  Soc. vol. x. p. 217 (1899). 
$ Phi l .  Mag. Dec. ]904. 
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Secondary ~/ Rays due to ,,/Rays of Radium C. 225 
In this case the order of secondary radiation is that of 
density. 
The remarkable dissimilarity in the two eases is at first 
sight perplexing, and the object of the present paper is to 
explain to some extent he cause of the apparent differences. 
In the first place it must be pointed out that a comparison 
of the two tables above given is an unfair one, because the 
first table really shows secondary radiation of the X-ray 
type, for the cathode rays were absorbed by air before they 
reached the testing apparatus. But the second table gives 
mainly the cathode secondary radiation due to 7 rays, for in 
this case the cathode rays produce a much greater effect in 
the electroscope than the secondary rays of the 7 type. 
A few experiments recently made may be worth recording. 
The X rays from a very hard tube were employed, such as 
were used in some previous experiments to compare the 
ionizations of various gases by ~/and X rays. These hard 
penetrating ~:rays were found to ionize gases almost in the 
same manner as 7 rays. In the present case the X rays 
struck plates of the substances named in Table I I I . ,  and the 
incident secondary rays were measured by the electroscope, 
TABLE I I I .  
Secondary Rays from X and 7 Rays. 
Cathode rays removed by absorption. 
Secondary ~adiator Thickness in eros. X. 7" 
Books (edges) ...... 
:Paraffin ............... 
Brick .................. 
Slate .................. 
Wood ............... 
Cement ............... 
Lead .................. 
Iron .................. 
11 
4 
6"5 
6 
14 
6 
11 
21 
5 
5 
0_.8O 
230 
170 
160 
125 
103 
61 
58 
2.5 
2.0 
2-7 
3"0 
3.6 
3.0 
1"7 
3.8 
1.0 
3'3 
described later, used throughout these experiments. The 
cathode secondary rays were absorbed by the air betweeu 
the secondary radiator and the electroscope. The incident 
Phil. Mag. Nov. 1904. 
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226 Prof. A. S. Eve on tl~e Secondar~j 7 Ra~/s 
secondary radiations from the same plates were also mea- 
sured, due to 14 rags. of pure radium bromide placed inside 
a hollow steel * cylinder, 2"2 cms. thick, having stopped ends. 
The cathode secondary rays were in this case screened from 
the electroscope by aluminimn 1"63 mms. thick, placed just 
in front of the very thin face of the electroscope. The 
results given show that when the cathode rays are in each 
case removed, the orders are not those of atomic weights. 
Very thick radiators are needed to get the full value of the 
7 rays from the lighter substances. 
Lead is a poor secondary radiator in botll cases, but iron 
radiates well with the ,/rays and badly with the X rays. It 
is unnecessary to examine these results more closely, because 
the secondary X rays have been carefully investigated by 
Barkla and others, while the secondary 7 rays will be discussed 
in this paper. 
As regards the secondary cathode rays from X rays, 
/~ rays, and 7 rays, it has been shown by J. J. Thomson~ 
McClelland, and Kleeman, respectively, that the radiatioll 
intensities fbllow the order of the atomic weights. 
It will be seen later that the secondary 7 rays from a thick 
block of iron may amount to 25 or 30 per cent. of the total 
secondary cathode and 7 rays from the same block. Moreover, 
the velocity of the secondary cathode rays due to 7 rays is 
nearly equal to that of' the secondary cathode rays due to 
B rays. The values of the so-called coefficients of absorption 
by a screen of aluminium 0"4 mm. thick, placed before the 
electroscope, I find to be as follows : -  
Primary/~ . . . . . . . . . . . . .  21"5 
Cathode secondary from lead, due to/~ and 5' rays, 24"5 
Cathode . . . . . .  7 rays only, 31"0 
Hence, the velocities of the cathode secondary rays are a 
little less for 7 than for/~ rays, and both these groups have 
less velocity than that of the fl primary rays. 
On the other hand, ~he coefficient of absorption by lead of 
the secondary 7 rays due to 7 primary, reflected fl'om lead or 
iron, is about 4, nearly equal to the coefficient of absorption 
found by Godlewski for the primary 7 rays of actinium, 
greater than the coefficient of absorption of the 7 rays from 
uranium, and yet greater than that of radium (Phil. Mag. 
April 1906). It may, therefore, be concluded that 7 rays 
give rise to secondary rays of the 7 typ% and not merely to 
very penetrating cathode rays. This will be seen more 
clearly from the diagrams given later. 
After completing' the work I le,~rn that this was nmde of nickel- 
steel~ 5 per cent. nickel. 
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due to the ~/ I~ays qf I?~di~m (J. 227 
The fact that the cathode secondary rays due to/9 o1" to 
~/rays have velocities comparable with that of the primary 
/9 rays is a very important one. The secondary cathode rays 
due to X ravs have much less velocity. Bragg has point~,(t 
out that it ~is probably more than a coincidence that the 
secondary cathode rays due to X rays have velocities of the 
same order as those of the cathode rays in the X-ray tube, 
whilst the secondary cathode rays due to ,/rays approximate 
in velocity to that of the prilnar3~/9 rays. These relations, if 
more than accidental, do not necessarily furnish an argument 
in favour of the view recently advocated with so much skill 
by Professor Bragg as to the material character of X and 
~/rays. For it may be that rather pulses triking a solid body 
cause the ejection of some of those corpuscles only which 
have velocities in their orbit or free path approximating to 
those of the corpuscles which first gave rise to the ~th(.r 
pulses. 
One fundamental difficulty arises in writing on secondary 
radiation. The investigations of H. W. Schmidt*, and of 
Crowther J~, indicate that secondary cathode radiation consists 
mainly, or entirely~ of scattered primary rays ; for he has 
proved that/3 particles~ in passing through matter, lose little 
or no velocity and are diffusely scattered. On the other 
hand Kleeman, in treating of secondary rays due to 
primary ~/ rays, writes of "electrons ejected by ,/ rays." 
~ow the electrons which constitute the secondary cathode 
radiation, due to /3 and to ~/rays respectively, have nearly 
equal velocities ; and it seems unreasonable tosuppose that in 
the one case we have scattered primary rays, and in the other 
case electrons ejected from the atoms or'the secondary adiator. 
It must be admitted that Bragg's theory of the close similarity 
of/9 and ~/rays--the difference being merely the important 
one of charge--removes all these difficulties as far as 
secondary radiation is concerned. ~or does his theory seem 
more complicated than the conception of an ~ether pulse with 
discrete centres of energy on the surface of the spherical 
shell of the ~ether pulse. But apparently other difficulties 
arise. Again, It. Starke in Le Radium for February 190~, 
finds that 19 rays striking a solid do not give rise to secondary 
~/rays ; and my observations tend in that direction also, for 
the secondary 7 rays appear to be caused solely by the 
primary ~/ rays. ~evertheless, it is remarkable that the 
impact of cathode rays should give rise to X rays, and that 
the impact of/3 rays should not give rise to ~/rays. However, 
we have no knowledge of the effect of concentration of the 
* Phys. Zeft. June 1907. 
t Ze Radium, March 1904. 
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228 Prof. A. S. Eve on the Seco~darj 7 Ranis 
impact of/!~ rays. As matters tand at present, the most 
notable di~rence between X and 7 rays is that the tbrmer 
arise where the cathode rays are stopped or absorbed, and the 
latter where the f~ rays originate. 
The following experiments show clearly that primary 7 rays 
give rise to secondary 7 rays, that the intensity depends 
upon the material surrounding the radium employed, upon 
the nature of the secondary radiator and upon the thickness 
and material of the screens placed in front of the electroscope, 
and that the intensity of the secondary 7 radiation does not 
follow the order of" the atomic weight, or of the density, of 
the secondary radiator. In all these particulars there is a 
similarity between secondary X and secondary ,y rays, and 
this accounts to some extent for the apparent differences 
noted at the beginning of this paper. 
In a previous paper (Phil. Mug. June 1908) I have 
noted that books, carbon, cement, or bricks give rise to 
more penetrating rays than lead, when these substances are 
exposed to the/3 and ~] rays of radium, provided the electro- 
scope is screened from the secondary radiator by a sufficient 
thickness of aluminium, or by a thick book. It was shown, 
too, that some of these secondary ays came from a depth of at 
least 4 cms. in the case of carbon, 6 cms. for wood, 3"5 cms. for 
slate. Moreover, the primary ~/rays had ~rst to penetrate 
those thicknesses. It is these very penetrating rays that are 
under consideration. The secon(lary radiators and screens 
were all tested, when the radium was not present, and they were 
found free from any radioactive effects under the conditions 
of the experiments. 
Fourteen milligrams of pure radimn bromide were placed 
in a test-tube within cylinders of (1) lead, 1 cm. thick, or 
(2) nickel-steel, 2"2 cms. thick. The radiators were 5 cms. 
or more thick, and measured 22"5 • centimetres. The 
necessarily large size and thickness of the radiators made 
it difficult o procure suitable substances for the experiments, 
and I have worked mainly with lead, iron, brick, and slate. 
The screens placed in front of the electroscope were either of 
(1) almninium or (2) lead. The electroscope, 10• 10 x 16cms., 
was made of zinc and mounted on a platform. One face of 
the electroscope was removed and replaced by two very 
thin aluminium sheets, each "00031 cm. thick. The electro- 
scope and screens were guarded from the radium and the 
cylinder containing it by blocks of lead 10 ems. thick. The 
effect with no radiator present, except air, was deduced from 
the effect with the stated radiator present ; this was done for 
all the screens used. Th~ secondary rays from air are easily 
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due to the ,1 Rays of Radium C. 229 
absorbed, so that the results given are quite reliable [or 
secondary rays of the 7 type. 
The electroscope here, as iu most cases, is affected not 
merely by the secondary 7 rays which traverse it, but also by 
all the secondary rays caused by them from the sides of the 
electroscope and from the inner side of the screens. There 
seems no way of evading this complexity; and if all the con- 
ditions are identical, except the radiating plates employed, 
the results obtained do indicate the nature and magnitude of 
the secondary rays of the ~ type passing from the radiator 
and entering the electroscope. 
The measurements obtained are given in the fol]owing four 
tables and the corresponding four diagrams. The radimn 
bromide was in the same position, as nearly as possible, for 
all four series. The rays under investigation are all "incident~" 
not " emergent." 
TAttLE IV.  (See fig. 1.) 
Radium in lead 1 cm. thick. 
Aluminiun~t screens. Secondary radiators tated. 
Thickness of Lead, 5eros. 
screens in ]rims. i 
0 . . . . . . . . . . . .  
O41 ......... 
0"82 ......... 
175 ......... 
3'40 ......... 
7'i0 ......... 
,12"2 
4"26 
1'74 
"57 
"22 
"16 
~ron~ 5 ginS. 
8'4 
3"81 
2"56 
1.'92 
1'78 
1 "64 
Brick, 6 cms. 
5"9 
2"25 
1'77 
1'45 
1"43 
1"22 
Fig. 1. 
t2 
tO 
0 I 
=, 
l~ m 9 R~r B,'~ in  Lec2d 
1r Iz7 
Alumin ium ~@crecn~ 
2. 3 
I ron  
BriGk. 
Lead 
4 5 
e 
6 7 
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230 Prof. A. S. Eve o~, the Secondary ,y Rays 
TABLE V. (See flg. 2.) 
Radium in steel 2"2 cms. thick. 
Alumbdtun screens. 
Thickness of Lead, 5 cms. I I ron,  5 eros. :Brick, 6 eros. 
BcreellS ill ramS. ! 
I 
i 0 
0'41 .. 
0"82 .. 
1"75 
3"40 
7"10 .. 
17"8 
4"4 
2"2t 
1"02 
"59 
.5t~ 
10'4 
470  
3'56 
3"4l 
3'28 
3'04 
8"00 
4.09 
391 
3'80 
3"35 
308  
ZO 
18 
16 
14 
~,, 
0 
0 I ~ 3 
Fig.  '2. 
RoSrztn S(eel z~-cm 
Alumtn/z/m ,5r 
/ro~ 
Lead 
4 5 6 
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due to the 7 Rays of Radium C. 
TABLE u  (See fig. 3.) 
I~adium in lead. 
Lead screens. 
Thickness of  
Screens in rams. 
0 . . . . . . . . . . . .  
0"15  . . . . . . . . .  
0 "75  . . . . . . . . .  
2"00 . . . . . . . .  
4"00 . . . . . . . . .  
Lead,  5 ems. 
12'7 
1"76 
'69 
"31 
"19 
I ron,  5 cnls. 
8"4 
3"63 
2"25 
1 "0S 
"53 
B,,ick, 6 cms. 
5"6 
2"6t 
1"45 
"78 
"38 
231 
8 
6 
F i t .  3. 
L 
le  m 9 Ra B~ in L=ad 
~ead ScFeen~ 
8 //7/7/ 4- 
TABLE VII .  (See fig. 4.) 
Radium in steel 2"2 cms. thickness. 
Lead screens. 
Thickness of 
screens in rams. Lead,  5 cms. I ron,  5 cms. Br ick,  6 cms. 
0 
0"15 .. . .  
0"30 . . . . . . . . .  
0"75 
2"00 . . . . . . . . .  
4 '00 . . . . . . . . .  
19-2 
1"7 
1"1 
"80 
"34 
"30 
9"5 
5"0 
4"4 
3 ' [  
1 '42 
"57 
7:5 
4"9 
3"7 
2'52 
1"06 
'43 
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232 Prof. A. S. Eve on the Secondary 9/Rays 
Fig. 4. 
16 
8 
6 
o 
Ra B~ L~ SI'eel 
Leord ~~ 
From these results and diagrams the following deductions 
may be made :-- 
1. It is noteworthy that the radium in 2"2 ems. of nickel- 
steel gives an effect about 1"5 times as great as when the 
radium is in 1 cm. of lead. From the relative densities we 
should expect 2"2 cms. of steel to be equivalent to 1"5 eros. of 
lead and, therefore, the radium in the steel cylinder should 
give, by the density law, two-thirds the effect of the radium in 
the lead. It actually gives one-and-a-half times as much. 
This remarkable result was confirmed by direct reading of 
the primary ~/rays using different electroscopes. Thus the 
primary ~/ rays traverse steel much more readily than lead, 
but the rays passing through iron are subsequently absorbed 
more readily by lead than if the radium were in lead. The 
values for k~ the coefficient of absorption by lead, between 
2 and 4 eros. were as follows :-- 
Radium in lead (1 cm.) k~ "47") . 
,, ~1"1  ~ primary steel ('2"2 cms.) 
,, ,, (4 cms.) k= "75.~ 7 rays. 
2. The secondary rays of the 7 type from lead are feeble 
compared with those from iron or brick. This is true whether 
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(l~le to the 7 Rays qt Radium C. 233 
the radium is ill iron or lead, and whether the absorbing 
screens are o[' aluminimn or lead. 
3. It  will be seen that 1 or 2 ram. of lead or alumininm 
absorb the cathode rays from the lead, iron, or brick radiators 
acted upon by ~/rays. 
4. With radium in steel, and with alnminium screens, brick 
gave more secondary rays than iron. In the other three cases 
brick gave less than iron. However, 5 cms. of iron give 
almost maximum secondary rays, whilst 6 cms. of brick do 
not give full value. Slate gives secondary cathode and 
7 rays, both somewhat less intense ~han brick. 
5. When the radium was in a glass test-tube, without steel 
or lead around it, the /3 and ~, rays gave from a secondary 
radiator of lead a current measuring 250 scale-divisions a 
minute in the electroscope, the , /rays gave 7"5 per cent. o[ 
that amount. The latter could be divided into two parts, 
cathode and 7 in type. The ~/type was the following per- 
~o- t cent ~,es of the total (cabode and 7) : for lead radiators 6"2, 
for iron 25, for brick 28. 
6. The values of the coefficients of absorption by a sheet of 
aluminium, 0"41 ram. thick, are as follows : -  
Primary ~/rays . . . . . . . . . .  21_ 
Secondary cathode due to B and ~/rays t r ik ing~ 
(a) Lead . . . . . . . . . .  24 
(b) Iron . . . . . . . . . .  35 
Secondary cathode due to 7 rays s t r i k ing -  
(a) Lead . . . . . . . . . .  31 
(b) Iron . . . . . . . . . .  34~ 
Thus the B rays cause secondary cathode rays slower than 
the primary rays which cause them, and the 7 rays cause 
secondary cathode rays yet slower. But all these rays have 
velocities of the same general order, and greater than the 
secondary catt~ode rays due to the X rays. This has already 
been proved by Dorn, Allen, Kleeman, and others. 
7. The values of the coefficients of absorption of the 
secondary 7 rays due to primary ~/rays were also determined 
for lead screens, changing the thickness from 2 to ~ rams. 
h. 
Lead radiator 2"46 
(a) Radium in lead (1 cm.)~ Iron ,, 3"70 
Brick ,, 3"68 
( Lead ,, 4"35 
(b) Radium in steel (2"2 cms.)~Iron ,, 4"65 
(Br i ck  ,, 4"60 
Phil. Mag. S. 6. Vol. 16. ~o. 92. Auj. 1908. R 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 C
ali
fo
rn
ia,
 Sa
n D
ieg
o]
 at
 10
:21
 21
 Ju
ne
 20
16
 
234 Seconda~7/ ,y Rays due to '1 Rays of Radium C. 
These may be compared with the coefficients of absorption 
of the primary ~/rays passing through lead *: - -  
Radimn . . . . .  "57-'45 
Uranium . . . . .  1"4 
Actinium . . . . .  4"7-2"7 
Hence the secondary ~/rays, due to the primary 7 rays, 
using lead, iron, or brick as secondary radiators, are absorbed 
to a degree approximating to that of the primary ~/ rays of 
actinium. It would be interesting to examine the secondary 
~, rays due to the primary ~/rays of actinium. These would 
probably be absorbed even more readily, and would approxi- 
mate more closely to the X rays. The effect would b~ difficul~ 
to obtain except with a considerable quantity of actinium. 
The reasons for considering the penetrating secondary rays 
to be of the qf type, and not of the cathode, are as follows:-- 
1. There is a well-marked bend in the absorption curves 
shown in tim diagrams. This change of character is also well 
marked when the logarithms of the ordinates are plotted. 
2. The primary rays penetrate several centimetres into 
substances such as brick or slate ; some of the secondary rays 
emerge from that depth, and will then penetrate several 
millimetres of lead. 
3. The values of the coefficients of absorption by lead of 
these penetrating rays equal about 4, or nearly the value of 
the coefficient of absorption by lead of the primary 7 rays of 
actinium. 
4. If the secondary radiator, such as brick, be placed in a 
strong magnetic field, the ionization current in the electro- 
scope, due to the penetrating secondary radiation from the 
brick, caused by ,/rays, is unaffected by the absence or presence 
or direction of the magnetic field. 
The laws which govern the magnitude of the secondary 
~/radiation are not yet clear. 
If possible, further experiments will be made using different 
screens, radiators, and cylinders inclosing the radium. 
McGill University, Montreal. 
April 1908. 
Phil. Mag. Feb. 1907. _For "Omaha Sea-Salt~" read "Inagua Sea-Salt, 
imported by Evans and Saunders, Toronto." 
Phil. Mag. Sept. 1906. p. 109. Eor "9• per second," 
read "9 • 10 ~4 per second.' 
* Phil. Mag. April 1906. 
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